In order to resolve the relationship between type V collagen and post-mortem softening of fish meat during chilled storage, the breaking strength and type V collagen content of meat were measured in seven fish species. The meats of seven fish species were classified into three groups according to the type of textural change. Three types of meat showed earlier softening than others. Two types of meat showed gradual softening and the other two types showed no softening during 1 day of chilled storage. The relative contents of type V collagen were different among fish species. The content of striped jack meat was fivefold that of tiger puffer immediately after death. The ratio of decline of type V collagen content during 1 day of chilled storage showed a significant relationship with the softening ratio (%/24 h, r = 0.8914) and average softening rate (%/h, r = 0.9195). In other words, the meat that contained most type V collagen showed notable and early softening after the death of the fish. These results suggest a correlation between type V collagen and postmortem softening of fish meat during chilled storage.
INTRODUCTION
Generally, fish meat softens rapidly during storage. The softening phenomenon indicates the deterioration of fish meat. Therefore, it is important to delay or prevent the progression of this phenomenon for maintaining fish freshness.
Degradation in the Z-line of the myofibril was first reported as a cause of meat softening in chicken meat. 1 A similar report has also been made for fish meat. 2 In the case of red sea bream, exercising them in a running water tank could strengthen their myofibrils and make the cultured fish meat tougher. 3, 4 In muscle, there exists connective tissue in addition to the muscle cells. The connective tissue binds the muscle cells together. It has been clarified by histological observations that the endomysium, a part of the connective tissue, weakens with the progression of the post-mortem softening. 5, 6 Additionally, it has also been shown that collagen fibrils, which constitute the endomysium, decay in parallel to the endomysium weakening. 7, 8 In the degradation of collagen fibrils, the collagen fibrils of the myocommata, which occupies most of the muscular collagen, do not show any change. 9 This localization of degraded collagen fibrils raises the possibility that collagen fibrils have different characteristics dependent on their location. In fish muscle, there are two types of collagen, type I and V collagens, with different biochemical characteristics. 10 In the post-mortem softening of fish meat, it has been reported that the decomposition of collagen occurred in type V collagen only. 9, 11 Therefore, type V collagen has been considered to have a close relationship with the change of physical properties in the initial stage of chilled storage.
However, analysis of type V collagen is difficult as it is a minor constituent. Studies of the relationship between post-mortem softening and type V collagen contents have only been done in rainbow trout, 11 sardine 9 and tiger puffer. 9 Even in those reports, measurement time of the meat firmness was limited to 0 and 24 h after death. Almost all fish meat softens within 1 day of chilled storage, and the rate of the softening procedure varies with the fish species. 12 Therefore, the correlation between softening rate and the amount of type V collagen is not yet clear.
The purpose of the present study was to clarify the relationship between the softening rate during chilled storage and type V collagen content in fish muscle.
MATERIALS AND METHODS

Samples
Yellowtail Seriola quinqueradiata (50-55 cm, 1.5-1.7 kg), red sea bream Pagrus major (37-40 cm, 1.9-1.2 kg), tiger puffer Takifugu rubripes (28-31 cm, 700-800 g), chicken grunt Parapristipoma trilineatum (30-31 cm, 400-444 g), horse mackerel Trachurus japonicus (21-23 cm, 160-173 g), striped jack Pseudocaranx dentex (37-38 cm, 900-1000 g) and bastard halibut Paralichthys olivaceus (35-38 cm, 600-755 g) were obtained alive. They were killed by decapitation and filleted. Three individuals of each fish were preserved at 4∞C for 24 h after death.
Breaking strength
Breaking strength of meat was measured as follows. A slice of 10 mm thickness, which simulated a slice of sashimi, was excised vertically to the orientation of muscle cells at 3 h intervals after death. A cylindrical plunger (3 mm in diameter) was pierced into the slice parallel to the orientation of muscle fibers at a speed of 1 mm/s and the maximum force recorded by a rheometer (RT-1002 A; Fudoh, Tokyo, Japan) was regarded as the breaking strength. The values were expressed as relative breaking strength against the value at death of each fish.
For the evaluation of the decreasing rate of the breaking strength, softening ratio (%/24 h) and average softening rate (%/h) were defined as follows.
Softening ratio (%/24 h) = (B0 -B1/B0) ¥ 100
where B0 is the breaking strength at death of fish (g), B1 is the breaking strength at 24 h after death (g), B2 is the breaking strength that showed significant decrease initially in comparison with that at death of fish (g) and H is the storage period (h) when the breaking strength reached the value of B2. In case of fish meat that did not show significant softening, softening ratio (%/24 h) and average softening rate (%/h) were defined as zero.
Determination of type V collagen
Whole muscular collagen was isolated by the method of Sato et al. 13 Dorsal ordinary muscle was minced and stirred in 0.1 M NaOH overnight at 5∞C. After centrifugation (10 000 ¥g, 20 min), 10 volumes of 0.1 M NaOH (v/w) was added to the precipitate and stirred overnight again. The NaOH washing was done once again, and the precipitate was washed by distilled water and centrifuged (10 000 ¥g, 20 min). To the precipitate, 0.5 M acetic acid with pepsin was added at an enzyme substrate ratio of 1 : 20 (w/w), and it was stirred for 2 days at 5∞C. The solution was dialyzed against 50 mM Na 2 HPO 4 and a suspension of pepsin-prepared collagen was obtained. In the original method, 9, 11 collagen was divided into three fractions, such as acid-soluble, pepsin-solubilized and insoluble collagens. However, the fractionation was excluded in the present study.
From the collagen suspension obtained above, 100 mL was taken by micropipette. The sample was added to sodium dodecylsulfate (SDS)-preparation buffer (0.05 M Tris-HCl, pH 6.8, 2% SDS, 10% glycerol, 6% b-mercaptoethanol) and heated at 100∞C for 2 min. The heated sample was analyzed by electrophoresis 14 and the 7.5% resolution gel was stained by Coomassie brilliant blue R-250. After destaining, the pattern was recorded by digital camera (Allegretto M4; Toshiba, Tokyo, Japan), and the proportion of a1(V) + a3(V) to whole collagen was calculated by analyzing software (Scion Image; Scion Co., Frederick, Maryland, USA). From the results, the proportion of type V collagen to the whole collagen was determined according to the results of Sato et al. 10 
Statistical analysis
Significance was tested by one-way analysis of variance.
RESULTS
Change of meat firmness
The change of meat firmness during storage is shown in Figs 1 and 2 . In the case of pelagic fishes, early softening was detected (Fig. 1) . In yellowtail, softening occurred until 12 h after death. From 12 to 18 h, the firmness was constant and then the softening continued from 18 to 24 h (Fig. 1a) . In striped jack and horse mackerel, the softening periods were 3-9 h and 9-12 h after death, respectively (Fig. 1b,c) .
In the case of demersal fish, chicken grunt and red sea bream meats softened in 3-18 h and 9-18 h after death (Fig. 2a,d ), and these changes progressed slower than those of pelagic fishes. In contrast, tiger puffer and bastard halibut meats showed no softening during 24 h storage (Fig. 2b,c) .
These results show that time and degree of fish meat softening vary among fish species.
From the results shown in Figs 1 and 2 , softening ratio (%/24 h, Fig. 3 ) and average softening rate (%/ h, Fig. 4) were calculated according to the formula shown above. The maximum value of the softening ratio was shown in yellowtail (53.0%), followed by red sea bream (33.3%), horse mackerel (28.4%), striped jack (24.2%) and chicken grunt (18.9%) (Fig. 3) . The values of tiger puffer and bastard halibut were defined as 0% because the firmness showed no significant difference during 24 h storage. Figure 4 shows the average softening rate (%/h) and the values were 5.2%/h (yellowtail) > 1.9%/h (horse mackerel) > 1.5%/h (striped jack) > 1.3%/h (red sea bream) > 0.89%/h (chicken grunt). The values of tiger puffer and bastard halibut were defined as 0%/h by the same reasoning in the softening ratio. This result shows that pelagic fish meat softens earlier than demersal fish. Each value is expressed as the relative value and the average ± SE. Different set of letters on each value shows a significant difference (P < 0.05).
According to these results, it was clarified that pelagic fish meat softens more significantly and earlier than demersal fish. Figure 5 shows the electrophoretic pattern of pepsin-prepared whole collagen of yellowtail muscle. There was a faint band which showed a1(V) and a3(V) (arrow). The existence of a similar band was confirmed in all other fish species (data not shown). The relative contents of type V collagen were calculated from the concentration of these bands (Fig. 6) . At death of the fish, the content of striped jack muscle was highest, and it was approximately fivefold that of tiger puffer muscle. In contrast, after 24 h chilled storage, the relative contents of type V collagen decreased in all fish muscles. According to these results, the decreasing ratio of type V collagen was calculated (Fig. 7) . The value of yellowtail was highest. In striped jack, whose type V collagen content was the highest immediately after death, the decreasing ratio was fifth from the highest value of yellowtail. These results showed that both type V collagen contents and their decreasing ratios vary among fish species.
Relationship between type V collagen contents and meat firmness
The correlation of textural change and decreasing ratio of type V collagen is shown in Figs 8 and  9 . Their correlation coefficients were 0.8914 and 0.9195, respectively. This result shows that the fish meat that contains more type V collagen tends to soften earlier and to a greater extent after death. In other words, type V collagen would have some relationship to the textural change of fish meat during chilled storage.
DISCUSSION
The present data showed that the decrease of type V collagen content has a correlation with the post-mortem softening of fish meat during chilled storage. Figures 8 and 9 showed a slightly different correlation. This would be due to the difference of the Fig. 6 Comparison of the relative contents of type V collagen among seven fish muscles. Each value is expressed by the average + SE. , Just after death; ᮀ, after 24 h chilled storage.
Fig. 7
Decreasing ratio of type V collagen contents during 24 h chilled storage. Each value is expressed by the average + SE.
time that is used for the calculation of the softening ratio (24 h) and the average softening rate (3-18 h). Although several determinations of type V collagen in the same individual is difficult for a small fish, a different correlation might be shown in the average softening rate if the determination could be done at every measurement of breaking strength. Additionally, there would be some other causes for meat softening as the weakening of the Z-line, for example. 4 At 24 h after death, the longest storage period in this study, additional change might occur in meat softening compared with the time that was used for average softening rate.
Where was the type V collagen lost? In the collagen determination method used in the present study, there was a washing process using 0.1 M NaOH, and the alkali-soluble fraction of muscle was discarded. This was the sole process in which some proteins are discarded. Therefore, part of type V collagen would be discarded in this alkaliwashing process. However, collagen is not solubilized by 0.1 M NaOH in fresh fish meat. 13 Collagen is insoluble because the molecules are integrated by intermolecular cross-links. 15 Therefore, the solubilization of type V collagen against 0.1 M NaOH shown in the present study would suggest the degradation of intermolecular cross-links of type V collagen during 24 h storage.
Additionally, most of intermolecular cross-links localize on the non-helical region of the collagen molecule. 15 The non-helical region is more susceptible to protease action than the helical region. 16 Cathepsin L degrades the non-helical region of collagen in salmon muscle during spawing migration. 17 Type V collagen may become soluble during storage not only due to the degradation of crosslinks, but also due to the degradation of the nonhelical region where cross-links localize.
Except for the degradation of intermolecular cross-links and the non-helical region, there is a possibility of degradation in the helical region of the collagen molecule. Although the helical region is a protease resistant to degradation because of its 3-D structure, collagenase and matrix metaloproteinase can degrade the helical region. As for such proteases in fish, gelatinase activity is detected in yellowtail muscle. 18 Matrix metaloproteinase-2, cloned from a cDNA library of rainbow trout, degrades gelatin and human type V collagen. 19 In the softened fish meat, loss of collagen fibrils that connect muscle cells has been observed. 7 Also, pelagic fish meat softening and degradation of collagen fibrils are accelerated when fish are killed without bleeding, 20 and this suggests the influence of some proteases in blood. As collagen fibrils are formed by cross-linked collagen molecules, 15 the loss of collagen fibrils would suggest the scattering of collagen molecules that occurs by the disruption of the collagen molecules and/or cross-links. Additionally, collagen fibrils, which connect muscle cells, are formed by type V collagen. 21, 22 These reports also support the hypothesis that the solubilization of type V collagen during storage would be caused by disruption of type V collagen molecule.
In chub mackerel, meat softening occurs earlier in ice storage (0∞C) than in chilled storage (4∞C). 23 If the softening were caused by protease action, the phenomenon would be contradictory. In this case, non-enzymatic mechanisms could be responsible. Cold shock causes the sudden release of Ca 2+ , an abnormal physiological condition. 24 In such a condition, the muscle cell membrane would be par- Fig. 8 Relationship between the relative contents of type V collagen (average ± SE) and softening ratio (%/ 24 h) of meat (r = 0.8914). ᭛, Yellowtail, ᭜, horse mackerel; ᮀ, striped jack; ᭺, red sea bream; ▲, chicken grunt; ᭹, bastard halibut; , tiger puffer.
Fig. 9
Relationship between type V collagen contents (average ± SE) and average softening rate (%/h) of meat (r = 0.9195). ᭛, yellowtail, ᭜, horse mackerel; ᮀ, striped jack; ᭺, red sea bream; ▲, chicken grunt; ᭹, bastard halibut; , tiger puffer.
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tially destroyed, and lysosome would flow out of the muscle cells. Lysosome contains acid fluid, 25 and it could degrade a part of collagen by destruction of the Schiff base, one of the intermolecular cross-links.
As shown above, various collagen degradation factors can be speculated. In the future, development of new storage methods could be led by the resolution of collagen degradation mechanisms.
